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USE OF AZETIDINONE COMPOUNDS 

Field of the Invention 

The present invention relates to the use of azetidinone compounds that are 
inhibitors of cholesterol absiorptipn as tools for discovering arid characterizing proteins 
involved in trafficking or absoirption of cholesterol and/or cholesteryl esters in 
biological systems. Further^ these compounds can serve as tools for cpiripeti^^^^ 
5 binding assays to discover arid characterize other chemical agent^ useful as 

cholesterol absorption inhibitors. New compounds of the pr^serit iiiyeh^^^ ; 
efficacious inhibitors of cholesterol absor^^ 

Backoround of the Invention 

16 Atheroselerptiq cppohaiy hea disease (CHD) represents the riiaijpr cause fe 

death and cardiovascular morbidity in ^ westem world. RiSk faQ^ 
hypeiftehsion, diabetes rneliitus, family history, mate gender^ cigarette smoke and 
serurn chplesteroL A total cholesterol level in excess of 225 to 250 mg/dl is 
associated witti significant eieyatio^ 

15 Gholestefyl esiers are a major component of atherosclenStlG lesions and the 

rtiajpr stdiFagefonii of cholesterdi in arterial wall cells. Fonriatipn c>f qhblest 
is also a key step in the intestinal absorption of dietary choiesterpi; thus, inhibition of 
chQlest?ryi issferfdntiatioh and reduction of semrti cholesterdi 1$ likely tb ihhibit the 
progression of ath^rosclerptic lesion fomriation, decrease the acGumulatiph of 

20 cholesteryl esteris in the arterial wall, and block the intestinal absorption bf dietary 
cholesterol. 

The regulation of whole-body cholesterol homeostasis iri humans and animals 
involves the regulation of dietary cholesterol and modulation of choiesterol 
biosynthesis, bile acid biosynthesis and the catabblism of the chble^^^ 
25 plasma lipoproteins, the liver is the major organ responsible for cholesterol 

biosynthesis and catabolisrh and for this reason, it is a prime determiharit of plasma 
cholesterol levels. The liver is the site of synthesis and secretion of very low density 
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lipoproteins (VLDL) which are subsequently metabolized to low density lipoproteins 
(LDL) in the circulation. LDL are the predominant cholesterol-carrying lipoproteins in 
the plasma and an increase in their concentration is correlated with increased 
atherosclerosis. 

5 When intestinal cholesterol absorption is reduced, by whatever means, less 

cholesterol is delivered to the liver. The consequence of this action is decreased 
hepatic lipoprotein production, and an increase in the hepatic clearance of plasma 
cholesterol, mostly as LDL. Thus, the net effect of inhibiting intestinal cholesterol 
absorption is a decrease in plasma chplesterbl levels. 

10 Certain azetidinone rore sthictures have be^ be useful in lowering 

cholesterol levels by decreasing intestinal cholesterol absorption. These related 
azetidinone cores and their synthesis are detailied in the fpllowing Qommonly assigned 
United States patents, the disclosures df which are incorporated, in their entirety, 
herein by reference: U.S. Patent Nbs; 5,088,787; 5^698.548- 5,624,920; 5,631,365; 

15 5.633.246; 5,656.624; 5.744,467; and 5,767,1 15. The discovery of 2-azetidinones as 
potent and selective intestinal cholesterol absprptio inhibitors has confirmed this 
mechanism as a key point of inteFvbntion for ipwenng chbiegterol plasma levels and 
has validated the therapeutic value of such ah apprpach. 

The mechanism by which cholestefPl moves jfrom the lumen into the epithelial 

20 layerlining the small intestine Is :A0t w Recent experimental evidence 

supports the notion of an active trainsport process mediated by a protein or proteins in 
the enterocyte brush bonier rnernbrane #ther t^^ a sirnple diffiision model. Kinetic 
analysis and sterol specificity oif chpitBsterbl uptake as well as the structure-activity 
relationship studies of the cholesterol absbrptipn inhibitors are consistent with a 

25 specific protein receptor/transporter regujateid event potential molecules for this 
process have been proppsed in recent years. However, the specific biochemical 
pathway responsible for cholesterol ab^prptioh remains to be defined. 
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Compounds I and II (especially II) 




II 



where ii is ^^^^^^ potent inhibitors of cholesterol uptaiki| in aininiial rnb^ and 

5 hurihians. iilie rnephanism by which these compounds and ri^|ated;i^a2^ 

inhibit the uptake the intestinal wall is nbt^^hpwn These 

coliipt^ acWs or precipitate choiesterofc Nd 

potently inhibit iMM(3r6oA reductase, pancreatic lipase, or acyltQpA chQlesterpI acsyl, 

tiiirt^^ 

10 fhhibiichb^ absorption will shed light oh the biochenriib^l pMhways^ i^ in 
thbiiipt^ 

Summary of the Invention 

In one aspect, this invention provides a method fbnd^^^ 

15 in ehplesterdi absprptidn in a biological system, the method corripnsih 

(a) proyidihg a gDNA expression library capable of expressing a protein involved in 
chdle$terol absorption in a biological system, said cDNA exprieissidn library c^ 
a iplurality of ceils capable of expressing different cDNA^; (b) screening said 
expression library by incubating cells from said library with a fluoresced 

20 absdrptidn inhibitor: (c) after step (b), identifying the cell or cells iri said library that 

dispigy the greatest amount of fluorescence; and (d) identifying the protein assoGiated 
with the cDNA expressed by said cell or cells displaying the gre amount of 
fluprescerice. 

in another aspect, this ihventiori provides a method for assaying inhibitory 
25 . agents for activity against cholesterol absorption, the method coimprising the steps of: 
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providing a cell capable of binding a fluorescent cholesterol absorption inhibitor; 
contacting said cell with a candidate inhibitory agent in the presence of said 
fluorescent cholesterol absorption inhibitor, and measuring the inhibition of the 
fluorescence of said cell. 

In still another aspect, this invention provides a method for identifying inhibitory 
agents which inhibit the absorption of cholesterol into a cell membrane, said method 
comprising the steps of: (a) combining a fluorescent cholesterol absorption inhibitor, 
said cell membrane and a candidate ihhibltbry aigent, under conditions wherein^ but. . . 
for the presence of said inhibitory agent, said fluorescent cholesterol absorption 
inhibitor is bound to the membrahe; arid (b) detecting the relative presence or 
absence of fluorescent chdlestisroi absprptipn inhibitor absorpti^ bound to the 
membrane, whereiri a relative absence of flubre^^^ absorption irihibitor^ 

absorption indicates that said cahdidate inhibfto^ agent is an inhibitory agent v\rhich 
inhibits cholesterol absorption inib the m^nriibran^^^ 

In another aspect, this invention provides ia niethod for identifying inhibitory 
agents which inhibit the absorption of eholesterql, said method comprising the steps 
of: (a) combining a labeled chblesterbi absorption inhibitdr, a cell expressing the 
scavenger receptor type Ef, class I (SR-iBI) and a candidate inhibitory agent, uhder 
conditions wherein, but for the presehce of said inhibitory iagent, said labeled 
cholesterol absorption inhibitor binds to SR-BI; arid (b) detecting the relative presei^Ge 
or absence of labeled cholesterol absoriptiDn inhibitdr absorption bound to SFt^Bli 
wherein a relative absehce of labeled: chole^terql absorption inhibitor absorption 
indicaites that said candidate inhibitory agent is an inhibitory agent which inhibits SR- 
Bl-^mediated cellular cholesterol abi^drptiori. 

In furttier aspects, this invention f?rdvides proteins and new inhibitory agents 
identified by the above methods, this invention also provides novel fluorescent 
cholesterol absorption inhibitors of forrnulas I and il: 
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wherein 1^ obmp^ a fluorescent moiety. 



li 



Dfet^iiid jb^SGiibfi^ the Invention 
A. Novel fluoy^sci^nt ttHolfe^ absorption Inhibitors 

Novel fluiG|rig|cie^^^^ absorption inhibitors of this iriyeinii0n Jhc^^ 

compounds of ^r^ 

HQ 





I 



II 



wherein R ppmprisers a moiety. In preferred embodiments, R is a^ 

fluorescent moiety lirike^^^^^ an alkynyl-contaihing tether group. In a particularly 
preferred embpdim^^ 
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Modification with fluorescent moieties A*B of the N-aryl ring of other 
azetidinone cholesterol absorption inhibitor core structures related to the above are 
contemplated as being within the scope of this invention as well. These related 
azetidinone cores and their synthesis are detailed in the following commonly assigned 
United States patents the disclosures of which are ihcorpdrated, in their entirety, 
herein by reference: U.S. Patent Nos. 5,688,787; 5,698;548i 5,624,920; 5,631 ,365; 
5.633,246; 5,656,624; 5,744i467; and 5,767,115. , 
GompQunds in the f^^^ 
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The synthetic route to these fluorescent azetidind^^^ is shown in 
5 Scheme 1 . The fluorescent alkynyl cofnpbund^ are prepared from commercially 
available electrophilic fluorescent derivatives (see Handbook of Fluorescent Probes 
and Research Chemicals, Molecular Probes, Inc.) and propargyl amine. The 
syntheses of N-iodophehyl azetidinphe denv$tives have been described in previous 
patents, cited above, the fluorescent alkyhylated material is then coupled to the N- 
10 iodophenylazetidinone via a palladium m0diiate^^ Deprotection of 

the glucuronide ester is accomplished as a final step in analogs bearing this moiety. 



15 
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Scheme 1. 




5 B. Generail Mfethttd^ 

the pfiactice of the present Invention generally employs conventional 
techniques of mpleeular blobgy, micrdbidlogy, recombinant DNA. and Irrirnunfelogy, 
which are within the skill of the art Such techniques are explained fully iri the 
literature. See for exarnple J. Siambrook et al, ''iVIolecular Cloning; A Laboratory 

0 Manual (1989); "DNA Glonihg". Vol. I and 11 (D. N. Glover ed. 1985): "Oligonucleotide 
Synthesis" (M. J; Gait ed. 1984); "Nudeic Acid Hybridization" (B. D. Hemes & 8. J. 
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Higgins eds. 1984); Transcription And Translation" (B. D. Hames & S. J. Higgins eds. 
1984); -Animal Cell Culture" (R. I. Freshney ed. 1986); "Immobilized Cells And 
Enzymes" (IRL Press, 1986); B. Perbal, "A Praetical Guide To Molecular Cloning" 
(ii984); the series. "Methods In Enzymology" (Academic Press, Inc.): "Gene Transfer 
Vectors For Mammalian Cells" (J. H. Miller and M. P. Calbs eds. 1987. Cold Spring 
HariJdr Laboratory); Meth Enzymol (1987) 154 and 155 (Wu and Grossman, and Wu, 
eds., respectiyely): Mayer & Walker, eds. (1987), "iirimunGchemical Methods In Cell 
Arid Mplecular Biology* (Academic Press, London); Sedpfes. "Protein Purification: 
: Principles And Practice". 2nd Ed (Springer-Veriag, N.Y., 1987); and "Handbook Of 
Experimental Immunology", volumes l-l V (\fii^eir arid Slackwel), eds/ 1986): 

fc. Methods of screentna gDNA libraries 

ddNAIit!>riariels containing ge 
cholesterol absorption are prepared by standard techniques, such ai^^ the 
above refereinces. Both prokaryptic and eukaryptic^^ 
expreissihg desired coding sequences vvhen a|j^rbpriate cpritrbl seqiiencesi 
compatible with the designated host are used; Ampiig prpkaryotic hosts; E; doli is 
most frequently used. Expression control sequences f or prokaryotes ihclMde 
prprnoters, pptidnally coritaining operator portions, and ribbsorrie blriding Sites. 
Transfer vectors compatible with prokarydtic hosts are comrtionly derived from, for 
example, pBR322, a plasmid containing operbris conferring iampid 
resistance, and the various pUC vectors. Which also contain sequences ron^^ 
antibiotic resistance markers. These plasmids are comrh^reiially availablie. The 
miaricers rhay be used to obtain successful transfprrnants by selection. Commonly 
used prokaryotic control sequences include the lactamase (penicillinase) and 
lactose promoter systems (Chang et al, Nature (1977) 198:1056). the tryptophan (trp) 
promoter system (Goeddel et al, Nuc Acids Res (1980) 8:4057) and the lambda- 
derived Pl promoter and N gene ribosome binding site (IShiriiatake et al. Nature 
(1981 ) 292: 1 28) and the hybrid tac promoter (Be Boer et al, Phdc Nat Acad Sci USA 
(1983) 292:128) derived from sequences of the trp and lac UV5 promoters. The 
foregoing systems are particulariy compatible with E. coli; if desired, other prokaryotic 
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hosts such as strains of Bacillus or Pseudomonas may be used, with conrespondirijg 
control sequences. 

Eukaryotic hosts include without limitation yeast and mammalian cells in 
culture systems. Yeast expression hosts include Saccharomyces, Klebsiella, Picia^ 
S and the tike. Saccharomyces cerevisiae and Saccharomyces carisbergehsis and K 
lactis are the most commonly used yeast hosts, and are convenient fungal hosts; 
Yeast*compatiblie vector^ cany markers which permit selection of successful 
transformants by conferring prototrdphy to auxotrophic mutants or resis;tance to heaS^y : 
metals on wild-typ6 sli^ih^^ vectors may employ the 2^ ongin bf 

10 replication (Broach et ai;iM^^ 101:307), the combination of GiN3 : 

and ARS1 or other rrieaiis for assuring replication, such as sequences which vyitl 
result in incorpbratibn of a fragment into the host cell genorhe; (jbritrbl: 

sequences for yeai^ Vector^ kn^^ art and include promoters ^br the • 

synthesis of glyeolYfipI^ri et al, J Adv Enzyme Reg (1968)7:149; Hby^^ 

15 et al, Biochem (1 95^8); 1 t:40cio)/ i^^ the promoter for S-phosphogjycbiT^fet : ; 
kinase (R. HItzeman et ^1; J f ^ (1980) 255:2073). Temiinators may ai$^> ^ 

included, such as those denvfedfrtim^ft^^ enolase gene (Holland, J Biol Gbem (1981) ; 
256:1385). PartibulaHy us^ comprise the 

glyceraldehyde-3 phosphate dehydrogenase (GAPDH) promoter or alcohbl 

20 dehydrogenase (ADN) regulatable prompter, tenninators also derived from 6?^PPH, 
and if secretion is desired; ii: leader sequence derived from yeast alpha-facAor (see 
U.S. Pat. No. 4,87did08/ihbbfporate 

In addition, the tfahscriptiohal regulatory region and the transeriptlorial initiation 
reigion which are dperably linked may be such that they are not naturally associated in 

25 the wild-type organism. These systems are described in detail in EPO T20;551, 
published October 3, 1984; EPO 1 16.201 . published Aug. 22, 1984; and EPO 
164,556. published Dec. 18, 1985, all of which are hereby incorporated herein by 
reference in full. 

Mammalian cell lines available as hosts for expression are known in the art 
30 and include many immortalized cell lines available from the American Type Culture 
Collection (ATCC), including HeLa cells, Chinese hamster ovary (CHO) cells, baby 
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hamster kidney (BHK) cells, and a number of other cell lines. Suitable promoters for 
mammalian cells are also known In the art and include vital promoters such as that 
from Simian Vims 40 (SV40) (Hers et al. Nature (1978) 273:1 13), Rous sarcoma vims 
(RSV)» adenovtms (ADV), and bovine papilipma vims (BPV). Mammalian cells may 
also require terminator sequences and pdly-A addition sequences. Enhancer 
sequences which increase expression may also be included, and sequences which 
promote amplification of the gene may also be desirable (for example methotrexate 
resistance genes). These sequences are khowh in the art. 

Vectors suitable for replicatloh in mammalian cells are known in the art. and 
maiy include vital replicons. or sequences wiiich insure integration of the appropriate 
sequences into the host genome. For example, another vector used to express 
foreign PNA is Vaccinia vims. In this case the heterologous DNA Is inserted into the 
Vaccinia genome. Techniques fbr the lnseftidh of foreign vaccinia vims 

genome are known in the art. and may utilize, for exahriple, homologous 
recombination. The heterologous E)NA id generally inserte<l Into a gigne which is non- 
esisentiai to the vims, for example, the thymidine kinase gene (tk)^ whidh also 
provides a selectable marker. Plasmid vectors that greatly facilitate the constmctioh of 
recombinant vimses have been described (see, for example, Mackett et al, J Virol 
(1984)49:857; Chakrabarti et al, Mol Gell Biol (1985) 5:3403; Moss^ in GENE 
TRANSFER VECTORS FOR MAMMALiAN CELLS (Miller arid Calbs, eds.. Cold 
Spring Harbor Laboratory, N.Y.. 1987), p. 10). Expression of the polypeptide then 
occurs in cells or animals which are infected with the live recombinant vaccinia vims. 

Transformation may be by any known method for introducing polynucleotides 
into a host cell, including, for example packaging the polynucleotide in a vims and 
transducing a host cell with the vims, and by direct uptake of the polynucleotide. The 
transfonmation procedure used depends upon the host to be transformed. Bacterial 
transformation by direct uptake generally employs treatment with calcium or mbidium 
chloride (Cohen, Proc Nat Acad Sci USA (1972) 69:21 10; T. Maniatis et at. -Molecular 
Cloning; A Laboratory Manual" (Cold Spring Harbor Press, Gold Spring Harbor, N.Y., 
1982). Yeast transformation by direct uptake may be carried out using the method of 
Hinneh et al, Proc Nat Acad Sci USA (1978) 75:1929. Mammalian transfonnations by 
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direct uptake may be conducted using the calcium phosphate precipitation method of 
Graham and Van der Eb. Virol (1978) 52:546, or the various known modifications 
thereof. Other methods for introducing recombinant polynucleotides into cells, 
particularly into mammalian cells, include dextran-mediated transfection, caldum 
phosphate mediated transfection, potybrene mediated transfection, protoplast fusion, 
electroporation, encapsuiatiph of th^ poiynucieotide(s) in liposomes, and direct 
microinjection of the polynucleotides into nuclei. 

Victor construction empbys techniques which are known in the art. Site- 
specific DNA cleayage is perfbrrtied by treating with suitable restfictioh enzymes 
under conditions which generally: are specified by the manufacturer of these 
commercially dyaiiabie eni^^ In general, about 1 ^g of plasrhid or DNA sequence 
is cleaved by I unrt of enJEym |iL buffer solution by ihcubate^^ 1-2 hr 

at 37'C. After iricub^^^^^^ enzyme, protein is rernpyed by 

phenoi/chlprpfbitn ektr^ctiph arid the DNA recovered by precipitation vyith ethahpl. 
The cleaved fragments; may be separated using polyacrylamide or agarose gel 
electrophpresis technique^, acoprdihg to the general procedure^ described in Meth 
Enzymol (1980) 65:499-560. 

Sticky-ended cleavage fragments may be blunt ended using E. coll DNA 
polymerase I (Kleriow fragment) with the appropriate deoxynucleotlde triphosphates 
(dNTPs) present in the mixture; Treatment with SI nuclease rhay also be used, 
resulting in the hydrolysis of any single stranded DNA portions: 

Ligations are carried out under standard buffer and terhperature conditions 
using T4 DNA ligase and ATP; sticky end ligations require less ATP and less ligase 
than blunt end ligations. Whisn vector fragments are used as part of a ligation mixture, 
the vector fragment is often treated with bacterial alkaline phosphatase (BAP) or calf 
intestinal alkaline phosphatase to remove the 5 -phosphate, thus preventing religation 
of the vector. Alternatively, restriction enzyme digestion of unwanted fragments can 
be used to prevent ligation. Ligation mixtures are transformed into suitable cloning 
hosts, such as E. coli, and successful transformants selected using the markers 
incorporated (e.g., antibiotic resistance), and screened for the correct construction. 
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Synthetic oligonucleotides may be prepared using an automated 
oligonucleotide synthesizer as described by Warner. DNA (1984) 3:401, If desired, 
the synthetic strands may be labeled with by treatment with polynucleotide kinase 
iri the presence of ^P-ATP under standard reaction conditions. 

For routine vector constructions, ligation mixtures are transformed into E. coli 
strain HB101 or other suitable hosts, and successful transformants selected by 
ahtibidtic resistance or other markers. Plasmids from the triainsfoirma then 
prepared according to the method of Glewell et al, Proc Nat Acad Sei USA (1969) 
:62:1 i 59, usually follGWingdiioramphenicol amplifiqatioh (Gl^wiBMi J Bacteriol (1972) 
110:667)^ Thfe DNA is isolated and arialj^ed. usually by restiictidn eh^ 
and/pr sequenciilg. Sequencing may be performed by the didepky m^^^^^ 
et at* Proc Nat Arad Sci USA (1 977) 74:5463, as further described by Messing et at. 
Niic Ac^ Res (1981) 9:309, or by the method of Maxsim jet at^^ 
65:4i99. Problems with band compression, which are sprnetiraeis pb^^^ 
regions, were overcome by use of T*deazdguanbsihe acc^ 
Biotechnique$ (1986)4:428. 

Preferably, the cDNA libraries used in this inventipn ate defiypd f^ 
nriRINA pf ceills or cell lines known to be involved in chplebfert)! ab In d 

preferred embodiment of this invention, the cDNA library is derived frbrn^^ mRNA pf 
ah intestinal epithelial cell. The cDNA libraries are ttieh screened by incubating cells 
from the library with a fluorescent cholesterol absorption Inhibitor, and identifying 
those cells that display the greatest amount of flaorescehce, us^^ for example^ 
fluorescence activated cell sorting (FACS). The cDNA expressed in that bell can then 
be identified using knoyvn techniques. 

D. Methods of Screening for Inhibitory Aoents 

New cholesterol absorption inhibitory agents are screened using methods of 
the invention. In general, a substrate is employed which mimics the protein's natural 
substrate, but which provides a quantifiable signal when bound. The siginal is 
preferably detectable by colorimetric or fluororhetric means: however, oUier methods 
such as HPLC or silica gel chromatography, GC-MS, nuclear magnetic resonance. 
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and the like may also be useful. After optimum substrate and protein (or membrane or 
cell) concentrations are detemiined. a candidate inhibitory agent is added to the 
reaction mixture at a range of concentrations. The assay conditions ideally should 
resemble the conditions under which cholesterol absorption is to be inhibited in vivo, 
5 i.e.. under physiologic pH, temperature, ionic strength, etc. Suitable inhibitors will 
exhibit absorption inhibitlpri at concientrations which do not raise toxic side effects in 
the subject. Inhibitors which compete for binding may require concentrations equal to 
or greater than the substrate concentration, while inhibitors capable of binding 
inreversibly to the ehdlesterpl birtdlhg site may be added in concentrations on the 

10 orderof the protein cphfee^^^ 

This inyentioh provides sever methods for assaying, identifying or screenip^^^ 
inhibitory agents for activity against cholesterol absorption, indudihg celiular 
techniques, membrane te^^^ tecdiniques using proteins th^arfe ihvd 

cholesterol absprptibri, such as the one pro : 

11 scavenger receptor type tias^ 1 (SR.BI), SR^BI Avais first described by A6tprt-e^^ ; 
J.afeAChem.(1B94) 2$9:21003^ Screening for inhibitory agents Is 
accomplished as described below. 

In the cellular method, ceils capabte 
absorption inhibitbir are used, In a preferred embodiment, the ciEills are involveid in 

20 cholesterol absofption Jn a biological system. The cells are contacted with candidaite 
inhibitory agents in the presence of the fluoFescent cholesterol absorption inhibitor; 
the inhibition of the fluprese^hce of said cells are measured. 

In the niembrane mlttlPd, a membrane capable of absorbing cholesterol is used; 
In a prefenred embodirneht of this invention, the membranes are from the ihtestihal 

25 bmsh border The mehiibranes are contacted with candidate inhibitory agents in the 
presence of the fluorescent cholesterol absorption inhibitor; and the relative presence 
or absence of fluorescent cholesterol absorption inhibitor absorption bound to the 
membrane is measured. A relative absence of fluorescent cholesterol absorpftioh 
inhibitor absorption indicates that said candidate inhibitory agent Is an inhibitory aigent 

30 which inhibits cholesterol absorption into the membrane. 
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In the protein method, a cell expressing the scavenger receptor type B. class I 
(SR-Bl) is used. The cell is contacted with a labeled cholesterol absorption inhibitor 
and a candidate inhibitory agent under conditions wherein, but for the presence of 
said inhibitory agent, the labeled cholesterol absorption inhibitor binds to SR-BI. and 
5 the relative presence or absence of labeled cholesterol absorption inhibitor absorption 
bound to SR^BI is detected. A relative absence of labelled chplester^ 
inhibitor absorption ihdicaites that the candidate inhibitory age^^^ is an inhibitory agent 
V)^ich inhibits SR^BIf mediated cellular cholesterol 

the fnethods Qf assaying or selecting inhibitoiy agei^lEs ofthi use 
10 labeled cb5le$ter The Inhibitbi^ thfriS^^ 

sectien A, above. The labels used in the assaysvpf invehliph |jat>els 
(where the label Gomprises an element which is detect^dii^etly^^^ secondary labels 
(where thiel detected label bindsi to a primary label, e.gv* aS: i^icS^ ih 
immunological labeling). An infroduction to labels, labeiiftjl fti^ and detection 

15 of labels Is found in Pblaik and Van Nborden (1997) iipsidij 

immuriocytochenitstry, second edition. Springer VeHajg, N V. ahd Jri Hauglarid (1996) 
Mandbpok of Fluorescent Probes and Research Ghemicafei a combined handbook 
and catalogue Published by Molecular Pn^bes, Inc., Eugehe, 0Ri Pn^ 
secondary labels can include undetected elements as well as detected e^^^ 
20 Useful primary and secondary labels in the present invention can include s 

labels, which include fluorescent labels such as fluofescerit dy6s (e.g.v fluorescein 
and derivatives such as fluorescein isothiocyanate (FitC) and Oregon Gre 
rhbdamine and derivatives (e.g., Texas red, tetramethylrhpdaminiB isothiocyanate 
(TRITG), etc.), digoxigenih, biotin^ 
25 radidlabels (e.g., ^H, '^1. ^S, '^G, ^P, ^P. etc.), enzynrtes (e.g., horseradish 

peroxidase, alkaline phosphatase etc.) spectral eoldrimetric labels such as colloidal 
gold or colored glass or plastic (e.g. polystyrene, polypropylene, latex, etc,) beads. 
The label may be coupled directly or indirectly to the cholesterol absdiption inhibitor 
accprdihg to methods well known in the art. As indicated above, a wide variety of 
30 liabels may be used, with the choice of label depending oh sensitivity required, ease 
of conjugation with the corhpound, stability requirements, available instrurhentatibn. 
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and disposal provisions. In general, a detector which monitors a protein/inhibitory 
agent interaction is adapted to the particular label which is used. Typical detectors 
include spectrophotometers, phototubes and photodiodes, microscopes, scintillation 
counters, cameras^ film arid the like, as well as combinations thereof. Examples of 
5 suitable detectors are Widely available from a variety of commercial sources known to 
persons of skill. 

Preferred labels include those which utilize 1) chemilumiriescence (using 
horseradish peroxidase or alkialihe phosphatase with substrates that produce photons 
as breakdown produds) with Idts being available, e.g., from Molecular Probes, 
id Amersham, Bdehring^r^Mianhhe Life TechndlpG|ies/Gibco BRL; 2) color 
production (using both horbbradiish p^ 

substrates that produce a colored precipitate} (kits available from Life 
Teehnologies/Gibcb BRLi arld;B (e^g., usihg^ 

Cy-5 (Amershanil), fiuprB^ifiBjriy and other fluoriescent tags); 5) radioactivity. Other 

15 methods for labeling ap^^^^^^^ be readily apparent to one skilled in the arL 

Fluorescent labels are highly preferred labels, having the advantage of 
requiring fewer precautions in handling, and being amendable to high-throughput 
visualization techniques (opticar analysis including digitizatidn of the image for 
analysis In an integrated s;ystemicompnsing a computer). Preferred labels are 

20 typically characterized by one or more of the follGWing: high sensitivity, high stabllityv 
low background, low environmental sensitivity and high specificity in labeling. 
Fluorescent rTK)ieties/ which are incorporated into the labels of the invention, are 
generally are knowii. irlcluding Texas red. digoxigenin, bidtiri, 1- and 12- 
aminonaphthalene, Pip'- diaminostilbenes, pyrenes^ quaternary phenanthridine salt?, 

25 9-aminoacridines, p^p'^ianhindbenziophenbhe imines, anthracenes, oxacarbocyahine, 
merocyanine, 3-an1inobquilenin. perylene, bisrbenzoxazGle, bis^p-oxazolyl benzene, 
1,2-benzophenazin, retinbl, bis-3-amihopyridinium salts, hellebrigehin, tetracycline, 
sterophenol, benzimidazolylphenylamine, 2-pxd-3-Ghromen, indole, xanithen; 7- 
hydroxycoumarin, phehoxazine, callcylate, strophianthidin, porphyrins, 

30 triarylmethanes, flavin and many others. Many fluorescent tags are cortlmereially 
available from the SIGMA chemical company (Saint Louis, Mo.), Molecular Pmbes, 
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R&D systems (Minneapolis, Minn.). Phamiacia LKB Biotechnology (Piscataway, N.J.)* 
CLONTEGH Laboratories, Inc. (Palo Alto, Calif.). Chem Genes Corp., Aldrich 
Chemical Company (Milwaukee, Wis.), Glen Research, Inc., GIBCO BRL Life 
Technologies, Inc. (Gaithersberg, Md.), Fluka ChennicaBibchernika Anaiytika (Fltika 

5 Chertiie AG, Buchs, Switzeriand), and Applied Bibsystems (Foster City, Calif.), as well 
as many other cqrhmercial sources known to orie of skilK 

Thb labels are covelently bound to the nov^licholesteroi inhibitors of the 
ihyentipii by a tet^^ llie tether group can be any rhbiety^c^ 

OQV^lii^ inhibitors and toihe labels. Preferred gripuj^ 

10 or idrt|susb^itut0d alkenyiene or alkynylene of t itb:l^^ atoms, more 

preferably 1t6 4^6^ Particulaiiy pr^efetredg^^ 

.='ailQ^y|0n@s^ 

The cahdidatie and actual inhibitory agohib^ c^^^ 
the fbWn of prganio particulariy compounds ^ irihiblt the absorption 

15 bf (^(^e^ m^iltted by SR-BI and other prbte|ii^3. Qthbf inhibitory agents may be 
proteihs, jp^a^^^ antibodies and antibody derivatives. Rec^nnbin^ 
systerns m% be to generate quantities of SRrBI sufficient for production of 
rilonpclonal i^ntibodies (MAbs) specific for SR-BL Suit^blei antibodies for cholesterol 
; absorption ihhibitibn will bind to SR*BI in a manner reducing or elirilihating the 

20 choleSierbl binding activity, typically by obscuring the binding site. Suitable MAbs may 
be used to generate derivatives, such as Fab fragments, chimeric antibodies, altered 
antibbdies, univalerit antibodies, and single domain antibodies, using methods known 
in the art : 



25 EXAMPLES 

EXAMPLE 1 



30 



A. PREPARATION OF 6-(6-HYDROXY-3-OXO-3H-XANTHEN-9-YL>-N-(5-PROP- 
2-YNYLGARBAM0YL-PENTYL>IS0PHTHALAMIG ACID (1^ 
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Added propargyl samine (5pL,-4mg, 73pmol) to 0.3mL DMF containing 3-^5 
5 drops d.2M aqueous NaNGpatlien added 6r(FlubriBSceih^ 

acid, suceinimidyl ester (S-SiFXi Mpiecula^^^ Inc.) (5 mg, 8.5Mnnol) to the 
mixture. Stirred the bright branige solution for 3h at room temperature. Concentrated 
in vacuo and chrbmatographed^^ 

10%MeOH in dichlorohietharie to giv6^^^^ desired terminal alkyne (1) as a yellow v 
10 brown fluprescertt oil. 

B. PREPARATION OF 1-C>^|T:F^NS-(3R.4^^^ 
HYDROXY^3-OXO-3H^NiMiN^^^L)PH 
OXOHEXYLjAMlNq^l 4^RipiiNYqF>^ENYg^ 
15 FLUOROPHENYL)PRGPYLi^2^G)XCN^ 
GLUCORONIC AOID (IB): 
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To the iodophenylazetidinone glucuronide methyl ester IHA (disclosed in Patent 
Number 5756,470, May 26, 1998)( 6.7mg, 9.47Mmol) in G.SrhL DMF, was added the 
alkyiiie (1 ) (14.8mg. 28|jrooi). Bubbled argon through the reaction mixture, then 
added palladium tetrakistriphenylphosphine (1.4mg. 1.2ijriiOi), copper(l) iodide 
(O.Srng, 4.2Mmol), and tiriethylamine (8|jL, 57pmol). Stifted the reaction mixture 
oveniight under argon. Concentrated the reaction onto ia p^p TLC plate arid eluted 
with 25% MeOH in dichloromethane. Collected the mgjor fluorescent band and 
purified fuitheFby reverse phase HPLC over aC-1 8 column ^Ijuting with 1 Q0% 
acetdnitrile in water affording the desired fluorescsnt rri^thyl /iister ds an Orange solid. 
FAiM$: dsicd m/rfw^^ 

The gl^iEiMi^nide rhethyi esterwasthen hydipiyz^d By^^ 
•GompiiUhd Iri 2EnL of a 7:2:1 mixture of water:triethyteri^he::;methartdil and stiHihgi ipr 
ih. Evaporatipn to dryness gave the desired flupres^ht azeti^inpne ^luciJrtinide, 
#^iai in braii^se si^ild caled m/z for CeoHssN^FC^^P*!)* 1092.3; f^iilid i 

ni/z»id92;3; 

A. PREPARATION OF 4.4-DIFLUORO-5.7-DIMETHYL4-B0RA-3a.4a-DIAZA*S-: 
INIDi\pENEr3-N-PR0P-2-YNYL-PR0PI0NAMIDE(2): 




To proparigyl amine (8mL, -6.4mg, -117|jmol) ih O.SmL DMF and 1 drop Of 
0.1 M NaHC03, was added 4,4-difluon>5,7-dimethyM-bi3ra-3$;4a-diaza^s-inda(» 
3^pfopionic acid, succinimide ester (BODIPY FL, SE; MiGilbcu|ar Probes. In.) (lOmg, 
25.7|imol) in d.l mjL DMF. Stirred the reaction at room temperature for t2h. 
Concentrated the mixture in vacuo and chrornatographed the residue over ~5g silicia 
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